Objectives: Water quality communication practices vary widely and stakeholder input has not played a role in defining acceptable levels of risk. Although the 2012 Recreational Water Quality Criteria (RWQC) emphasize the importance of promptly notifying the public about hazardous conditions, little is known about the public's understanding of notifications, or about levels of risk deemed acceptable. We sought to address these gaps. Conclusions: Current water quality communications approaches must be enhanced to make notification programs more effective. Further work should build on this initial effort to evaluate risk acceptability among US beachgoers.
INTRODUCTION
Gastrointestinal illness (GI) attributable to water recreation impacts 2-3% of swimmers at US marine (Wade et al. ) and Great Lakes (Wade et al. ) beaches. Much effort goes into monitoring fecal indicator bacteria -Escherichia coli and enterococci -at US recreational waters. Since its inception, the United States Environmental Protection Agency (EPA) Beach Program (USEPA ) has made available nearly $111 million to states and local authorities to monitor beach water quality and notify the public of conditions that may be unsafe for swimming (USEPA a). The agency allocated approximately $10 million in 2012, and launched an improved website for beach advisories and closings which allows the public to more quickly, and easily access the most current water quality and pollution testing information for more than 6,000 US beaches (USEPA b). Water Quality Criteria (RWQC) (USEPA c) states now have an option of determining the indicator concentration based on illness rate that they consider acceptable (such as 32 or 36 cases of acute GI for every 1,000 recreators). These illness rates, or levels of risk deemed to be acceptable, were not defined by relevant stakeholders (i.e. those who use surface waters for recreation). Additionally, the 2012 Criteria include the option of using quantitative polymerase chain reaction (qPCR) methods for rapidly measuring water quality at beaches. Having such data available within hours of water sample collection is of limited value if the information is not communicated effectively to the public.
In order to enhance the impact of water quality communications for beachgoers, we sought to: (1) describe the awareness, understanding, and use of water quality information by beachgoers; (2) identify stakeholder suggestions for improving public health communications at beaches, so that use of the water on high-risk days can be reduced; and (3) begin characterizing stakeholder perceptions of acceptable risk.
METHODS Overview
Both quantitative and qualitative methods were used to explore perceptions and knowledge of recreational water quality in Chicago. Three topic areas were the subject of inquiry in both the intercept interviews (INTs) and focus group (FG) understanding of water quality, water quality communications, and perceptions of risk. These topic areas were thought a priori to be critical in the linkage between the availability of water quality information and consequent risk reduction behaviors at beaches. INTs were used to quantitatively evaluate the current awareness and use of beach notifications at water recreation locations in the Chicago area. FGs were conducted to better understand the limitations of current approaches and to develop an understanding of how stakeholders believe such approaches can be improved. FG discussions were conducted at the University of Illinois at Chicago. Children 12-17 years of age and adults (18 years or older) were eligible to participate.
Data were collected between August 1 and October 15,
2009.

Focus group discussions
Participant recruitment: Swimmers at Lake Michigan beaches were recruited using flyers. Spanish-speaking swimmers were also recruited through ads in a Spanishlanguage newspaper. In addition, participants in a study of limited contact water recreation and health -the Chicago Health, Environmental Exposure, and Recreation Study (CHEERS) -were contacted after completing their final
CHEERS interviews (Dorevitch et al. ).
Focus groups: Separate FGs were held for nine categories of participants: English-speaking swimmers (two groups), Spanish-speaking swimmers (two groups), boaters, fishers (two groups), kayakers and canoers (two groups), rowing teams (adult and youth), coaches, and vendors/event organizers. The last two groups were (1) Lake Michigan life guards, and (2) employees of local, state, and federal governmental agencies in Chicago that are responsible for managing surface water quality. Groups had six to 10 participants. used at Chicago-area waterways were presented and discussed. Next, participants discussed acceptable risk and compared that level to the targeted risk levels that are the basis of the EPA's 1986 recreational water quality criteria.
A separate discussion guide was used for the lifeguards and Chicago-area non-profit/government employees responsible for recreational water quality decisions. The discussion for life guards focused on questions regarding: (1) awareness about water quality testing, (2) notifying the public regarding water quality, (3) training, and (4) barriers to enforcing swim advisories/bans. The goal of the session with decision making agencies was to share the key outcomes/suggestions/concerns related to recreational water quality communications in the Chicago area as described by the various user groups, and discuss potential ways they could include these suggestions to improve current communication methods and content. This included feedback on specific brochures, websites, and signs developed by the concerned agencies. In total, 49 codes spanning eight categories, or 'families', of codes were created. Families were also defined by the conceptual model and are in bold in Figure 1 . FG transcripts were coded using the qualitative data analysis package Atlas.ti (Muhr ) by a primary coder and reviewed by a content area expert to ensure accuracy and consistency, as well as fidelity with the coding guide. Data were analyzed through a four-step process: (1) identifying broad themes while coding transcripts, (2) examining code families to identify subtopics and key points within groups of codes, (3) exploring family level concepts and comparing them between families, and (4) characterizing the behaviors of each user group based on family level concepts.
Intercept interviews (INTs)
Staff approached swimmers at Lake Michigan beaches in Chicago. At the time the study was conducted, 'swim advisories' were issued at Chicago beaches if a water sample collected the previous day had an E. coli density of 235 most probable number (MPN)/100 mL, and a 'swim ban' 
Awareness of water quality information
Searching on Google was the most commonly mentioned approach to obtaining water quality information among participants in all 13 FGs. However, INT data indicate that few people interviewed at beaches sought water quality information before coming to the beach: five of 86 beachgoers (6%) on days with a swim ban/advisory, and none of 288 at beaches when no advisory/ban was in place. In 10 of 13 FGs, television was mentioned as a source of information used prior to the beach visit; newspapers, and marine radio water quality information about a specific beach through the weather report -either on television, online, on the radio or in the newspapers. As one participant said, 'If we're thinking of going to the beach for a family trip, we'll go to weather.com or whatever. So, if you had an ad there that was just like, thinking about going to the beach today? Look here to see which ones are safe or not, I
would like, click on that 'cause we've been thinking about going to the beach.' Participants in eight of 13 groups mentioned TV news channels as a good source for this information without having to go online. 'Now, because of television, cable and all that other things … the news comes up and they say whatever beach is closed and why. I definitely want warning alerts put on the news, radio and television. It's probably what most people would get, that kind of instantaneous news.' Similarly, 70% (n ¼ 264) of the INT respondents recommended using the internet and TV for providing the public with beach water quality information.
INT respondents wanted to see more prominent signage in parking lots, or at the beach entrance (before they paid for parking), in restrooms, and at the lifeguard stands. This was also suggested by FGs to prevent the frustration of paying for parking, only to find out that a swim ban is in place.
Participants in 11 of the 13 FGs suggested that a colorcoded system of flags or signs worked best, but they wanted to know how color categories are defined. Participants in nine of 13 FGs felt that a rating system (numeric scale, percent of the permissible concentration of bacteria, or the probability of getting sick) may also work, although they acknowledged that this may be too much information for a sign. FG swimmers felt that lifeguards should be able to explain the reasons for swim bans or advisories. Any previous illness or knowledge of illness, or having children (especially swimmers with families), and influence of peers, especially among fishermen, were also some other factors taken into consideration while making a decision to use a waterway.
Although one or two participants mentioned previous illness or knowledge of someone falling sick after spending time in a Chicago waterway, none discussed any specifics.
Participants across all 13 groups mentioned concern about 'bacteria' or 'E. coli'; however, none of them discussed any symptoms related to exposure, or knew exactly how it could make them sick.
Among beach users interviewed, 42.8% mentioned having any health concerns related to water quality at Chicago beaches. Presence of bacteria or E. coli in the water was the primary concern cited by over 58% of these participants. Other concerns included 'dumping', 'presence of chemicals', 'sewage discharge from the river', 'invasive species such as zebra mussels and fish', and 'floating trash/garbage'. FG participants generally were not aware of the existence of federal, state, or local water quality standards, though in the majority of groups some participants were aware that E. coli is monitored at beaches, and that public notification regarding E. coli takes place. Nine of the 13 groups also wanted to know more about the values of pollutants that trigger advisories or swim bans at beaches. 'They'll out a little snip at the end of the 10:00 news that 10 second thing … when they tell you on TV not go in Lake Michigan by the beaches. There's a level there. That's the only standard I ever heard of.'
Although a general mistrust of government agencies posting water quality information was mentioned among participants in 5 of 13 FGs, when asked about the importance of health and safety messages posted by government agencies at water recreation spots, over 78% of the intercept interviewees felt such messages were important to them.
Less than 10% thought that such messages were never helpful. The rest thought that they 'did not care' about such health and safety messages or that they were 'not at all important'. When beachgoers were asked about their awareness regarding specific health and safety messages posted by the CPD at Chicago beaches, over 54% were aware of the general rules about littering the beaches, however awareness about specific rules regarding 'feeding the birds', 'disposal of diapers' or 'not swimming when ill' was lower (less than 40%). Five participants mentioned that they did not understand the 'do not feed the birds' rule. 
Acceptability of risk
DISCUSSION
As noted by Covello (), the overall goal of risk communication should not be to diffuse public concerns but rather to produce an informed public that is involved, interested, reasonable, thoughtful, solution-oriented, and collaborative. Figure 2 outlines the key steps that we a priori assumed may be significant in the process of translating water quality notification to behavior change.
Users of recreational waters identified, through FGs and
INTs, several gaps in the steps that we assumed may be important to translating existing water quality communication messages into behavior change. As outlined in A perception of risk in relation to water quality appears to be driven by the absence of negative aesthetics, rather than by information in signage, which generally lacks specific information about bacteria levels, adverse health outcomes, or estimates of risk for those outcomes. Perceptions varied by the type of user and their motivation to use the waterways. Given that the perceived risk of illness was generally not related to water quality information, the idea of reducing risk through behavior change was rarely mentioned. The course of action to take in response to an 'advisory' (yellow flag) was not clear. Knowing proper actions to take in order to reduce risk was clear when lifeguards communicated directly with study participants, even in the absence of any prior awareness of water quality or any perceived risk of swimming.
Access to information, use of notification systems and perceptions of risk are strongly influenced by the type of audience (user) and therefore need to be considered to A study supported by the Centers for Disease Control and Prevention (CDC) found that the public will respond to a threat situation by seeking protective information and taking self-protective action, underlining the critical role of effective communication in public health emergencies (Wray et al. ) . While recreational water quality related illnesses are not public health emergencies, they are public health problems that can be prevented via effective communication. Our study participants also desired more information on how to protect themselves, for example, over 65% of beachgoers said they value hygiene messages posted at beaches, but many still do not understand why they should not feed the birds (which is part of an initiative to reduce the number of gulls at beaches).
Similar to prior studies about perceptions of water quality and health risk at beaches, our research identified media reports about beach closures, seeing signs advising not to swim, and prior bouts of illness following swimming as factors that negatively impact the perception of water quality at beaches (Pendleton et al. ) . We also found that an individual's initial perception of water quality is often based on the color, clarity, odor, and visible debris in the water (Canter et al. ; House ; Jensen & McLellan ) .
Like previous studies, our results suggested that perception 
CONCLUSIONS
Despite the substantial commitment of resources to water quality monitoring, there is much room for improving the communication of test results to the public in a way that promotes behavior change (avoidance of swimming when bacteria levels are thought to be elevated). The public's need for accurate, accessible, timely, and concrete sources of beach water quality information, and guidance on actions needed for protection of self and family, are areas in which current messaging can be improved. While direct communications with lifeguards appear to be understood, signs at beaches are generally not noticed and when they are, they are often not understood. The suggestions for improved message content and delivery should be implemented and evaluated. The internet, smart phones, and social media are opportunities for effective communications, and health promotion. Educating lifeguards and the public about current testing criteria, information sources, and how they can contribute may be good initial approaches. Greater consideration of disease severity and additional evaluations of risk acceptability are important steps that would be useful in establishing water quality standards. In this preliminary assessment, the degree of risk acceptable to the public appears to be lower than those presented in the US EPA's 2012 Recreational Water Quality Criteria.
